mammary fold and lower pole shape and projection. [20] [21] [22] However, this technique does not address pectoralis detachment, deficiencies in superior pole contour, postoperative pain, 23 and animation deformity. 16 Implant placement in the subcutaneous or prepectoral plane has recently been reported in single-and 2-stage breast reconstruction. [24] [25] [26] Proponents advocate that this technique provides a more natural esthetic result while avoiding the negative sequelae of pectoralis disinsertion and submuscular implant positioning. 27, 28 Although the early experience with subcutaneous reconstruction was associated with higher rates of CC, implant exposure, and implant loss, 12, 29 advances in mastectomy techniques and the use of ADM and synthetic mesh have been suggested to decrease the risk of these complications. 28, 30 This study utilizes a systematic review to analyze the available evidence on subcutaneous alloplastic breast reconstruction with ADM/mesh with regards to study quality, indications, techniques, and outcomes. As this procedure develops among plastic surgeons, a critical evaluation of the current literature will help determine the appropriate application and execution of this new technique.
METHODS
A comprehensive review of the literature was performed following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 31, 32 The PubMed/MEDLINE and Cochrane databases were queried for articles up until June 2016 using combinations of the following keywords: "prepectoral," "subcutaneous," "breast reconstruction," "acellular dermal matrix," "acellular dermis," "ADM," "Alloderm" (LifeCell Corporation, Branchburg, N.J.), "Strattice" (LifeCell Corporation, Branchburg, N.J.) and "mesh."
Headings were screened to include all original studies reporting on alloplastic subcutaneous breast reconstruction utilizing ADM or mesh after nipple-sparing mastectomy (NSM) or skin-sparing mastectomy (SSM). Selected abstracts were reviewed and included if studies presented data on indications for subcutaneous reconstructions or outcomes. Case reports, abstracts, non-English studies, and review articles were excluded. References from selected articles were additionally searched for other relevant articles.
Included studies were analyzed for study quality. Patient selection criteria for subcutaneous reconstructions were tabulated for each study when available. Data for procedural characteristics were extracted on mastectomy type, stage of reconstruction, type of implant, type of ADM or mesh, and technique. Complications analyzed included major infection (infection requiring return to operating room), minor infection (infection treated with oral or intravenous antibiotics), seroma, hematoma, nipple-areola complex (NAC) necrosis, wound healing complications, explantation, and Baker grade III/IV CC. 33 Compiled data for 1-versus 2-stage and ADM-versus mesh-assisted reconstructions was compared. Additionally, evaluation of esthetic outcomes was analyzed for each study.
Data were extracted only for articles that adequately reported results or variables in question. When appropriate, these data were combined to obtain pooled rates for particular outcomes. Ninety-five percent confidence intervals (CIs) were determined for these proportions accordingly.
RESULTS
Four hundred forty-three titles were initially identified for screening of which 6 articles were deemed appropriate after applying inclusion and exclusion criteria (Fig. 1) . One study was removed due to duplicate data and 2 were added from references of relevant articles, yielding a total of 6 studies published from 2014 to 2016 (Table 1) . [25] [26] [27] [28] 30, 34 The majority of studies were level IV evidence case series (66.7%) with the exception of one retrospective co- hort study 30 and one nonrandomized controlled trial. 27 Pooling data from all studies resulted in a total of 120 patients and 186 reconstructions. The longest mean and median follow-up times were 24 and 25 months, respectively, with a range of 1-55 months when cited. Inclusion criteria for subcutaneous reconstruction were defined as methods of assessing mastectomy flap perfusion to determine suitability for subcutaneous reconstruction. Out of the studies that reported inclusion criteria, 60% did not cite the quality of mastectomy flaps as a consideration in determining the plane of implant placement. 25, 27, 34 Of the 2 studies that utilized mastectomy flap perfusion as inclusion criteria, one study only performed clinical assessment 26 and the other utilized indocyanine green angiography and clinical assessment. 30 Exclusion criteria encompassed various patient demographics and characteristics that would preclude the decision to pursue subcutaneous reconstruction. Almost all articles (80.0%) reported exclusion criteria for subcutaneous reconstruction (Fig. 2) . [25] [26] [27] 30 The majority of studies (60.0%) listed preoperative radiation, [25] [26] [27] all active smoking, 27, 30 and patients with high body mass indices (BMIs) as contraindications to subcutaneous reconstruction. [25] [26] [27] One study excluded patients with a BMI ≥30 26 and 2 studies excluded those with a BMI ≥25 or BMI <18.5. 25, 27 The majority of reported reconstructions were singlestage, direct-to-implant (DTI) reconstructions (45.2%), followed by single-stage, adjustable implant (33.3%) and two-stage (21.5%) reconstructions. ADM was more commonly used than mesh (60.2% versus 39.8% of cases, respectively), with a complete implant wrap as the most common technique compared with an anterior sling (63.7% versus 36.3%, respectively). Of note, the one study that performed anterior slings with vertical mastectomy incisions (62 reconstructions) also utilized dermal flaps. 34 Types of ADM included AlloDerm (13.4%), Strattice (19.6%), Flex HD (46.5%) (Musculoskeletal Transplant Foundation, Edison, NJ), and Braxon (20.5%) (Decomed, Marcon, Italy). Types of mesh included titanium (86.5%) and vicryl (13.5%). Five studies provided information on implants. Of these, 4 studies [25] [26] [27] [28] utilized anatomic silicone implants (109 cases) and 1 study used adjustable round saline implants (62 cases). 34 Data on complications were available for 5 studies ( Table 2) . [25] [26] [27] [28] 34 Rates of major complications including major infection, full NAC necrosis, major flap necrosis, explantation and Baker grade III/IV CC were low in the majority of studies. One study reported a high rate of explantation (13.0%) secondary to chronic seromas with delayed wound healing (n = 2) and infection (n = 1). 26 Pooled complication rates and respective 95% CIs are listed in Table 3 . The most common complication was partial NAC necrosis (4.5%), followed by explantation (4.1%), minor infection (2.3%), seroma (2.9%), hematoma (2.3%), and wound healing problems (2.3%). Subgroup analysis was also performed to compare complications in DTI cases versus 2-stage and ADM versus mesh reconstructions (Tables 4 and 5 , respectively). Although statistical analysis was not possible given differing study designs, confounding variables, and lack of comparative data in each study for meta-analysis, the results showed relatively similar rates of most complications. Explantation (6.0%) was higher in the DTI group and minor infection (16.0%) was higher in the 2-stage group. Rates of minor infection were higher in mesh-assisted reconstructions (6.3%) and rates of seromas were higher in ADM-assisted reconstructions (8.9%).
One study provided an "objective" evaluation of esthetic outcomes in the form of a quantifiable rating scale. 27 "Subjective" reporting of esthetic outcomes was defined as assessment of one or more esthetic complications and was described in 4 studies (Table 6) . [26] [27] [28] 34 Palpable implants were most commonly reported (8.5% of cases), followed by rippling (4.7%) and "visible" implants (4.3%). Revisionary procedures were reported in 3 studies and were necessary in 21.4% of patients. 25, 27, 34 These procedures included fat grafting in 11.9% of cases and implant exchange in 14.3% of cases. All implant exchanges involved adjustable saline to silicone gel implant conversion in a single study.
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DISCUSSION
Alloplastic breast reconstruction with subcutaneous implant placement was introduced 40 years ago. 35 Despite the evolution of the procedure over the next few decades, it lost favor to submuscular positioning given higher reported rates of major complications with subcutaneous techniques. 12, 29, 36 Recently, plastic surgeons have revisited subcutaneous reconstruction, though there is a paucity of studies on this "new" technique.
We identified 6 studies reporting cases of subcutaneous breast reconstruction with ADM or mesh. Rates of complications historically high for subcutaneous reconstructions were low across the majority of these studies. Baker grade III/IV CC was seen in 1.2% of cases. Several factors may have contributed to the low rates of CC including the utilization of anatomic gel implants 37 and the use ADM [38] [39] [40] and mesh, 7, 41 which are associated with decreased incidences of CC. Capsules around textured subcutaneous prostheses may also be thinner than those found with submuscular placement at short-term follow-up. 42 Individual risk factors for CC such as radiation therapy should additionally be considered, 43 which was reported in 1 out of the 2 cases of grade III/IV CC in this review. 34 Limited follow-up length (maximum reported mean and median follow-up of 24 and 25 months, respectively) may also result in low reported CC rates.
Placements of implants subcutaneously, without interposed muscle, also raises concern for skin flap ischemia, NAC loss in NSM, and implant exposure. Pooled rates of major flap necrosis (1.8%), full NAC necrosis (1.1%), and explantation (4.1%), however, were also low in the reviewed studies. This may be due to relatively thick mastectomy flaps (greater than 1 cm in thickness in 2 studies) 26, 30 compared with what is performed in many institutions. Utilization of ADM or mesh provides an additional layer of tissue support between implants and mastectomy flaps and can become vascularized with incorporation into the overlying subcutaneous tissue. 27 ,44 ADM/mesh may also relieve pressure on mastectomy flaps when anchored to the chest wall, possibly contributing to the decreased ischemic complications seen in this review.
Cases of explantation in the reviewed studies were secondary to wound healing problems in 57.1% of cases (28.6% associated with seroma), infection in 28.6%, and large flap necrosis in 14.3%. Increased rates of infection, seroma, and flap necrosis have been associated with certain types of ADM, 38, 45 and must be considered with regards to technique and evaluation of outcomes. Therefore, complications secondary to poor wound healing in subcutaneous breast reconstruction may still put reconstructions at greater risk of failure compared with dualplane techniques, depending on incision placement.
Interestingly, DTI reconstructions were more common than 2-stage and single-stage adjustable implant cases. Single-stage, DTI reconstruction has been associated with higher rates of flap necrosis, reoperation, and implant loss. 46 Theoretically, immediate implant placement in the subcutaneous plane may further increase the risk of these complications. Though statistical conclusions cannot be drawn between DTI and 2-stage cohorts in this review given the lack of comparative studies and presence of confounding factors, comparison of the 2 cohorts showed similar rates of these complications with the exception of explantation, which was higher in the DTI group, and minor infection, which was higher in the 2-stage group. Several important variables, however, must be further elucidated when assessing the increased risk with DTI reconstructions, including patient comorbidities, radiation therapy, quality of mastectomy flaps, 46 and implant size. These are particularly relevant when single-stage reconstruction is combined with subcutaneous techniques.
Subcutaneous reconstructions utilizing ADM versus mesh were also compared. Minor infections trended toward being higher in the mesh group, and seromas and explantation trended toward being higher in the ADM group. Several factors may have contributed to the observed results including the synthetic nature of mesh and the higher rate of seromas associated with certain types of ADM. 2 These analyses, however, were similarly limited by the lack of direct comparative data in individual studies.
Patient selection is a critical component of subcutaneous breast reconstruction and is important to consider when interpreting the outcomes of the reviewed studies. Only 40.0% of studies commenting on patient selection reported assessing the quality of mastectomy flaps when determining appropriateness of subcutaneous reconstruction. 26, 30 However, of the 3 studies that did not include mastectomy flap perfusion in their decision-making algorithm, Bernini et al. and Casella et al. reported extensive exclusion criteria for subcutaneous reconstructions including age, BMI, history of radiation, comorbidities, and smoking. 25, 27 Becker et al. instead avoided initial filling of adjustable saline expanders if there was concern for flap ischemia. 34 The perfusion of mastectomy flaps and the NAC in NSM are critical in subcutaneous reconstruction. Necrosis of either component can result in exposure of the implant and ADM/mesh and compromise of esthetic outcomes. Thick, well-vascularized mastectomy flaps are needed to provide adequate coverage of the implant and improve flap survival, especially with the lack of an additional layer of tissue support. Although thickness of flaps is inherently variable secondary to discrepancies in BMI and patient anatomy, the principle of anatomic dissection is of paramount importance. Performing the mastectomy in the plane between the breast parenchyma and overlying subcutaneous fat is crucial in preserving the subdermal plexus while removing all breast tissue, unlike the historical subcutaneous mastectomy which left an increased amount of residual breast tissue behind. 47, 48 In this review, 2 studies performed subcutaneous reconstruction only with mastectomy flaps greater than 1 cm in thickness, measured by a subjective pinch test in one study 26 and not described in the other. 30 Indocyanine green angiography was also used to confirm adequate mastectomy flap perfusion. 30 Though thickness of mastectomy flaps was not described in all of the reviewed studies, the low rates of NAC and flap necrosis, particularly in DTI reconstructions, suggest the presence of thick, well-perfused flaps in these reconstructions. Ensuring the viability of these structures, whether by assessing perfusion, restricting reconstructions to specific patient populations, or adjusting one's technique, will serve to further promote safe outcomes in the development of this procedure.
Analysis of techniques in the reviewed studies showed that the majority of studies completely covered implants with ADM/mesh in subcutaneous reconstructions. Implant coverage was achieved either by using preformed ADM templates 26 or with pieces of ADM as previously reported for treatment of CC. 49 This can require multiple sheets of ADM per implant, which can be costly, especially in bilateral reconstructions. As the number of mastectomies and subsequent reconstructions continue to increase, and with the evolving nature of the reimbursement in healthcare, cost may become a significant limiting factor. Other options include utilizing ADM as an anterior sling, in which only the entire anterior aspect of the prosthesis is covered by ADM. 34 In addition, synthetic mesh products, including vicryl, 7, 34 silk, 50 and titanium 24, 41, 51 derivatives, among others, may be a less expensive alternative, and have shown promising results. Mesh was less commonly utilized in the studies in this review, likely because of its more recent introduction in implant-based breast reconstruction. 7, 51 Recent studies, however, have shown comparable outcomes between certain ADM-and mesh-assisted reconstructions. 19 Achievement of a more natural breast shape has been cited as an advantage of subcutaneous reconstructions. 27 Only one study, however, provided objective evaluations of esthetic outcomes. 27 Implant malposition, reported to be higher in subcutaneous reconstructions, 12 was not seen in any of the evaluated cases. Visible or palpable implants and implant rippling were more common, though no significant difference in these complications was observed between dual-plane and subcutaneous cohorts in the single nonrandomized controlled trial. 27 Although ADM has been used for treatment and prevention of these complications, 52 ancillary procedures, such as fat grafting, may likely be necessary, and were reported as secondary procedures to treat visible implants or rippling in three of the reviewed studies. 25, 27, 34 With subcutaneous reconstruction, these complications are particularly important to consider in patients with low BMI, and reinforce the importance of preserving thick mastectomy flaps, when possible, to adequately cover and disguise the contour of the implant. Further long-term analysis is needed to determine whether subcutaneous reconstructions will require a higher revision rate to address these complications, especially in nonideal patient populations.
The majority of studies reviewed were level IV evidence case series. The single nonrandomized controlled trial was limited by small sample size; however, it demonstrated superior esthetic outcomes in the subcutaneous cohort based on objective evaluations. 27 Complications between the 2 groups were overall comparable, though implant failure was higher in the subcutaneous group, but not statistically significant. This review also demonstrated significant variability in the reporting of data. Certain variables such as patient demographics, smoking history, chemotherapy and radiation history, incision type, implant size in DTI reconstructions, and differentiation of complications in NSM versus SSM are especially relevant when evaluating subcutaneous reconstruction.
In this study, we were unable to perform a meta-analysis of effect sizes as only one comparative study reporting outcomes was found. Moving forward, further higher-level evidence studies directly comparing new techniques to dual-plane/submuscular reconstructions will be critical to clarify the risks of potential complications. There was also significant heterogeneity among studies with regards to study design, reconstruction techniques including mastectomy type, number of reconstructions, and ADM/mesh utilized. The thickness of mastectomy flaps additionally needs to be documented in future studies as this variable is directly related to skin and nipple necrosis. These factors may have significant effects on results, and more standardized comparisons will be needed to accurately assess outcomes. Additionally, overall follow-up length was fairly short, limiting the interpretation of certain complication rates such as CC. Short follow-up periods also restricted the analysis of recurrence data, which were not reported in any study, and are critical components of any discussion involving breast cancer and reconstruction. Finally, several studies only reported outcomes in highly selective patient cohorts, likely underestimating complication rates when these experiences are extrapolated to a general patient population.
CONCLUSIONS
Subcutaneous implant placement in alloplastic breast reconstruction has recently been revisited with the aid of ADM and synthetic mesh reinforcement. Our review of the current data on this new technique demonstrated overall low pooled complications rates, including rates of major mastectomy flap and NAC necrosis, and CC. Complications rates across studies, however, were not consistent, and there was also significant variability with regards to techniques and analysis of outcomes. Importantly, the majority of results reflect outcomes in ideal patient populations, given the relatively strict patient selection in most studies.
The current literature demonstrates that subcutaneous implant-based breast reconstruction with ADM/mesh is a promising technique that may not be associated with the high rates of complications historically attributed to subcutaneous reconstructions. In the future, plastic surgeons will need to more accurately compare outcomes with current submuscular/dual-plane procedures, determine the ideal techniques and materials to optimize results, and further assess the appropriate indications to safely offer this reconstructive option to patients.
